Concentration of polyphenols in apples depends on factors such as harvest, cultivar, processing, and storage conditions. We aimed to identify essential polyphenols present in various apple varieties, and measure their free phenol and antioxidant capacities using 1,1-diphenyl-2-picylhydrazyl radical scavenging capacity, oxygen radical absorbance capacity, hydroxyl radical scavenging capacity, and ferric reducing antioxidant power methods, and correlating with the total polyphenol content and antioxidant capacity with high-performance liquid chromatography results. Thirteen apple varieties cultivated in northwest China showed significant polyphenol content. Hongxun 1 had the highest polyphenol content and antioxidant capacities in comparison with other apple varieties, while phlorizin showed the strongest 1,1-diphenyl-2-picylhydrazyl free radical scavenging rate (73.5 ± 2.7%), oxygen radical absorbance capacity value (44.6 ± 3.1 μmol TE/g), hydroxyl radical scavenging capacity value (61.9 ± 3.5 μmol TE/g), and ferric reducing antioxidant power value (0.53 ± 0.37 μmol TE/g). The antioxidant capacities of the polyphenol extract was related not only to its total polyphenol content but also to the phenolic composition.
INTRODUCTION
The consumption of fruit and vegetables has been associated with lower morbidity and mortality rates caused by degenerative diseases. [1] Phytochemicals, which are naturally occurring bioactive components of plants, contain functional components such as polyphenols, thiols, carotenoids, tocopherols, and glucosinolates, [2] which are thought to promote human health. Apples are one of the most cultivated and consumed tree fruits in the world. According to the 2012 national apple quercetin, hyperoside, caffeic acid, and ellagic acid; Fig. 1 ) were purchased from Sigma-Aldrich Chemical Co., Ltd (St. Louis, MO, USA).
Preparation of Apple Polyphenol Extracts
Three apples for each variety were separately chosen at random. The apple stalks were removed after cleaning with water while the peels were carefully separated from the pulps using a vegetable 2398 peeler and then chopped into very small pieces. The peel samples were ground in a porcelain mortar with 1% ascorbic acid prior to analysis. One gram of apple peel was weighed and mixed with 30 mL of 70% ethanol in a 100 mL triangular flask, employing an ultrasonic extractor (KQ-2300E, Hechuang Inc., Kunshan, China) and extracted (80 Hz, 30°C) for 20 min. Polyphenol extracts were collected twice, and the samples were then concentrated in an R-120 rotary evaporator (BÜCHI Labortechnik, AG, Flawil, Switzerland) for 25 min at 1000 rpm. Ten milliliters of sample solvent was filtered through 0.22 μm polyvinyl difluoride (PVDF) syringe filters (Merck Millipore, Billerica, Switzerland). The extracts were stored at −20°C. The total polyphenol content of apple peel extracts were assessed using a modified version of the Folin-Ciocalteu assay. [17] HPLC Analysis A Waters 2695 system, equipped with a quaternary pump, a degasser, an auto-sampler and a diode array detector (DAD), was used. The column used for chromatographic separation was a Diamonsil C 18 column (250 mm × 4.6 mm, particle size: 5 μm). The chromatographic data was acquired and processed by Empower software. During the process, the mobile phases were A: 1 mL/100 mL acetic acid in water (v/v) and B: methanol. The polyphenols were eluted in a gradient system: 0-10 min, linear gradient of 5-30% B; 10-25 min, linear gradient of 30-50% B; 25-35min, linear gradient of 50-70% B and 35-40 min, linear gradient of 70-5% B. Finally, the column was washed and reconditioned. The flow rate was 1.0 mL/min and the injection volume was 20 μL, each sample was replicated three times. Protocatechuic acid, catechins, anthocyaninB 2 , epicatechin, phloretin, chlorogenic acid, quercetin, hyperoside, caffeic acid, and ellagic acid were monitored at wavelengths of 280 and 320 nm, all polyphenols were monitored in the above wavelengths. For quantification and identification, standard curves for the analytes of interest were prepared for each standard polyphenol. The system was operated at 30°C. [18] Analysis of Antioxidant Capacities
DRSC
The free radical scavenging activity quantitatively tested using DPPH based on the method of Shimada. [19] The initial absorbance of DPPH in methanol was measured at 517 nm until the absorbance remained constant. A total of 2 mL of extract was added to 2 mL of 0.2 mmol/L methanolic DPPH solution. The mixture was reacted at room temperature for 30 min without the light. After that the absorbance at 517 nm was measured. The percentage of scavenging was calculated according to the equation:
where / DPPH is the DPPH radical scavenging rate (%), A 0 is the absorbance of the control, A x is the absorbance in the presence of the extract, A x0 is the absorbance without DPPH radicals.
ORAC
The ORAC assay was described by Moore [20] with modifications. Fluorescein was used as the fluorescent probe and the ORAC assay was performed on a Victor 3 multi-label plate reader (Perkin-Elmer, Turku, Finland) with fluorescence filters. Trolox was used as a standard. The initial reaction mixture contained 225 μL of 8.16 × 10 −8 M Fluorescein, 30 μL sample, blank, or standard, and put into preheated plate reader at 37°C for 20 min. Then, 25 μL of 0.36 MAAPH was added to each well and the fluorescence of the mixture was recorded every 2 min, over 2 h at 37°C. The results were expressed as μmol Tris-EDTA (TE)/g spice sample.
HOSC
The HOSC assay was measured using a method adapted by Moore [21] using a Victor 3 multi-label plate reader (Perkin-Elmer, Turku, Finland). In brief, the reaction mixture consisted of 170 μL of 9.28 × 10 −8 M Fluorescein, 30 μL sample, blank, or Trolox standards, 40 μL of freshly prepared 0.199 M H 2 O 2 and 60 μL FeCl 3 . The fluorescence was recorded every 4 min, for 4 h. The HOSC was quantified using the area under the curve and expressed relative to Trolox as micromoles of TE per gram of spice samples.
FRAP
The antioxidant activity was investigated using the FRAP assay for plant extracts, investigated according to the method of Pulido. [22] The working FRAP reagent was freshly prepared every day by mixing 2.5 mL of 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) (10 mmol/L in 40 mmol/L hydrochloric acid), 2.5 mL of ferric chloride (20 mmol/L) and 25 mL of sodium acetate buffer (300 mmol/L, pH 3.6). The FRAP assay was carried out at 37°C, in 1 cm disposable plastic cells. Nine hundred microliters of the FRAP reagent were mixed with 90 μL of water and 30 μL of samples. After 120 min, the absorbance was measured at 595 nm. [23, 24] The ferric reducing power was calculated by the formula:
where / FRAP is the ferric reducing power, A 0 is the absorbance in the presence of the polyphenol enriched extract or phenol standard, A 1 is the absorbance of the control (without extract), and A 2 is the absorbance without FRAP. A standard curve was obtained using Trolox standard solution at various concentrations (0.5, 1.0, 1.5, 2.0 mmol/L). The absorbences of the samples were compared with that of the Trolox standard and the results were expressed in terms of micromoles Trolox equivalents per kilogram (μmol TE/kg). All measurements were performed in triplicate.
Statistical Analysis
The data is shown as the mean ± standard deviation of five repeated samples. The results obtained were analyzed using the SPSS 18.0 program for Windows (Munich, Germany). The statistical analysis was performed by analysis of variance (ANOVA) with a significance level of α = 0.05.
RESULTS AND DISCUSSION

Total Polyphenol Content
The polyphenol content in the 13 apple varieties ranged from 2.57 to 5.46 mg gallic acid equivalent (GAE)/g dry weight (DW), presenting significant differences (p < 0.05) among the apple varieties ( Table 2 ). As shown in Table 2 , all apple varieties had a difference in total polyphenol content. The order of total polyphenol content of the different apple varieties determined by the Folin-Ciocalteu assay was: hongxun 1 > honeycrisp > maowen > sinkiang 2 > nagafu 2 > cameo > yuhuazaofu > golden delicious > liangxiang > huaniu > pinova > pacific rose > honggailu. Hongxun 1 had the highest polyphenol content of 5.45 ± 0.04 mg GAE/g DW, whereas the apple variety with the lowest content was honggailu with 2.07 ± 0.03 mg GAE/g DW. Other studies have reported different values of total polyphenol content in different apple varieties with the content ranging from 0.71 mg GAE/g DW to 3.36 mg GAE/g DW. [25, 26] The polyphenol content determined in this study demonstrated higher levels than other reported studies because the initial apple sample used was different. Other studies used a fresh apple sample including the peel and pulp while this research only used apple peel. The content of polyphenols varies depending on the different fruit tissues. The polyphenol content in apple peel is approximately three times higher than that found in the pulp. [26] The different results obtained can also be explained by the complexity of these compounds and the extraction and analysis methods. The polyphenols present in fruits occur freely or are combined with glycosides in nature. When combined with glycosides; these phenolic compounds cannot be completely extracted. For that reason, the total phenolic content may be underestimated. [27] During the sample preparation stage, the way in which apples are cut and the homogenization process may induce a reaction of the polyphenol oxidase enzyme, thus decreasing the concentration of phenolic compounds. Furthermore, the concentration of phenolic compounds may be affected by apple variety, cultivar and genus and also by extrinsic factors, such as soil, seasonality, agronomic factors, and light exposure. [28] 
Comparison of Antioxidant Capacities of Various Apples
The results of antioxidant and radical scavenging capacities determined by DRSC, ORAC, HOSC, and FRAP assay are shown in Table 2 . The DPPH free radical scavenging ability is widely used to evaluate the antioxidant activity of polyphenols extracted from fruits and vegetables. The results showed that polyphenol extracts had good DPPH free radical scavenging capacities. Hongxun 1 polyphenol extracts had the highest DPPH free radical scavenging rates of 97.13 ± 3.84%, and the lowest rate of 81.11 ± 4.59% was observed in honggailu polyphenol extracts. There was a significant difference among the values of these apple polyphenol extracts. Yinrong Lu [29] reported that glycosides, procyanidins, chlorogenic acid, hydroxyphloridzin, and phloridzin had significant DPPH free radical scavenging capacity. Rababah [30] evaluated the effect of jam The values are the mean ± SD (n = 3). Means by column and treatment with different letters shows significant difference, Tukey's test (p < 0.05).TPC: total polyphenols content; GAE: gallic acid equivalent; DRSC: DPPH radical scavenging capacity; ORAC: oxygen radical absorbance capacity; HOSC: hydroxyl radical scavenging capacity; FRAP: ferric reducing antioxidant power; TE: Trolox equivalent.
ANTIOXIDANT AND POLYPHENOLS FROM APPLE processing using strawberry, cherry, apricot, fig, and orange and their antioxidant activity using the DPPH radical scavenging method during months of storage at 25°C.
The ORAC of the polyphenol extracts from the different apple varieties was limited within a certain range of fluctuation. These results are displayed in Table 2 . The highest value of 34.33 ± 3.42 μmol TE/g was found for the Honeycrisp apple, while the lowest value of 9.90 ± 1.01 μmol TE/g was found in the Pacific rose apple.
Hydroxyl radicals may be generated under physiological conditions, which can damage lipids, DNA, and proteins. [31] The HOSC assay measures HOSC under physiological pH. All tested apple polyphenols demonstrated HOSC as shown in Table 2 . Hydroxyl free radical scavenging capacities were observed in all polyphenol extracts of about 30 μmol TE/g. Lesser scavenging capacities were found for the apple varieties of pacific rose, pinova, honggailu, and huaniu. HOSC was found to be significantly different among the apple varieties.
As shown in Table 2 , significant differences in total reducing properties were found among the varieties of apple polyphenols extracts. The lowest value of 1.12 ± 0.03 μmol TE/g was detected in pacific rose, while higher values were observed in liangxiang (1.46 ± 0.06 μmol TE/g) and honeycrisp (1.46 ± 0.07 μmol TE/g). Direct dose-response relationships of FRAP and polyphenol contents were not relevant. The types of polyphenol within the varieties of apple might lead to this phenomenon. The value of overall effects were lower than other indicators and can most likely be attributed to the less sensitive FRAP assay. The values obtained in the present study were higher than those determined by Khanizadeh. [32] The great variability observed in different studies regarding the apple antioxidant activity may be explained by the influence of the fruit tree's location, harvest season, type of soil, agronomic factors, as well as post-harvest conditions. The antioxidant capacity measured by FRAP in apple peel was 6.6 times higher than that found in the pulp in apples from eight different varieties. [32] 
HPLC Analysis of Various Apple Polyphenols
Seventy percent ethanol extracts of apple, as well as extract hydrolysates of nagafu2, honggailu, hongxun1, huaniu, golden delicious, cameo, liangxiang, maowen, honeycrisp, pinova, pacific rose, sinkiang 2, and yuhuazaofu varieties, were analyzed by HPLC. Figures 2 and 3 show the chromatograms of hongxun 1 and honggailu, respectively (chromatograms of other varieties are not shown). The tolerably small differences between the retention times of individual compounds (Figs. 2 and 3 ) may be attributed to the slight differences in the column properties that occur during the relatively long recording time of the chromatogram.
HPLC analysis showed that phenol standards were identified and quantified in most of the samples. The polyphenols were confirmed by comparing the sample peak retention times with those of the standards, and were quantified using the external standard method. The results are shown in Table 3 . It was easily observed that there were significant differences between the polyphenols and their contents in the different apple varieties, with hyperoside, anthocyaninB 2 , chlorogenic acid, and ellagic acid being the major polyphenols in most apple varieties. The concentrations of these compounds varied greatly from one variety to another, exhibiting strong characteristics depending on the apple variety.
Antioxidant Capacities of Ten Free Phenols
To identify the potential contributors of antioxidant activity in polyphenol enriched extracts from different apple varieties, 10 free phenol standards detected in the fractions were evaluated using DRSC, ORAC, HOSC, and FRAP. The individual antioxidant contents of the tested apples showed significant changes depending on the apple variety. As shown in Table 4 ANTIOXIDANT AND POLYPHENOLS FROM APPLE 
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with other phenolic compounds, anthocyaninB 2 , phlorizin, protocatechuic acid, hyproside, and chlorogenic acid were more effective. In particular, phlorizin had the strongest antioxidant capacities with a DPPH free radical scavenging rate of 73.54 ± 2.73%, an ORAC value of 44.55 ± 3.08 μmol TE/g, a HOSC value of 61.93 ± 3.52 μmol TE/g, and a FRAP value of 0.53 ± 0.37 μmol TE/g. The antioxidant activity of ellagic acid was weaker than any of the other polyphenols. The results also indicated that the order of the antioxidant capacity of these ten free phenols was phloridzin > protocatechuic acid > hyperoside > chlorogenic acid >catechins > anthocyaninB 2 > epicatechin > caffeic acid > quercetin > ellagic acid. The findings presented in Table 4 were generally in accordance with literature reports showing significant variations in the composition and contents of phenolic antioxidants. In our study, it was found that there were high correlations between the antioxidant capacity and the content of phenolic compounds.
CONCLUSIONS
Apple polyphenols have multiple health promoting biological effects, but the most interesting are the antioxidant capacities associated with preventing free radical formation and scavenging free radicals. [33] The free radical-scavenging antioxidant plays important roles in the physiological defense network against oxidative stress. The assessment of antioxidant capacity has been the subject of extensive studies and arguments over the past two decades. The antioxidant capacity may be assessed for a pure antioxidant compound, mixtures of antioxidant compounds, extracts, or commercial products. This capacity may be evaluated in terms of an absolute number or a relative value. Our investigation enabled the qualitative and quantitative determination of some of the main polyphenols in various apple varieties contributing to the antioxidant capacity of apples measured with DRSC, ORAC, HOSC, and FRAP methods. [34, 35] Among the total polyphenol content values of the apples tested, hongxun 1 had the highest polyphenol content and antioxidant capacities. There were 10 main free phenols existing in apple polyphenols, these included anthocyaninB 2 , phlorizin, protocatechuic acid, hyproside, and chlorogenic acid, which exhibited higher antioxidant capacities than the other free phenols. Antioxidant assays of the 10 free phenols detected in 13 apple varieties showed that these phenols were positively correlated with their antioxidant activity. Protocatechuic The values are the mean ± SD (n = 3). Means by column and treatment with different letters shows significant difference, Tukey's test (p < 0.05). DRSC: DPPH radical scavenging capacity; ORAC: oxygen radical absorbance capacity; HOSC: hydroxyl radical scavenging capacity; FRAP: ferric reducing antioxidant power; TE: Trolox equivalent.
ANTIOXIDANT AND POLYPHENOLS FROM APPLE acid, hyperoside, phloridzin, and chlorogenic acid played more important roles in the antioxidant assays, which was consistent with that previously reported. [36, 37] Based on our research, obtaining polyphenol extracts from different apple varieties using solid-liquid extraction under ultrasonic condition was not complicated and did not require expensive additional equipment or reagents. This process could be easily scaled up and a large proportion of the apple antioxidants could be identified and their contributions to the observed antioxidant capacity more precisely estimated by this proposed methodology.
